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IMPROVEMENT OBTAINED BY THE USE OF
AMPLIFIERS.

A double-relay repeater gives an improvement equal
to 15-25 miles of standard cable, and, by the use of
successive repeater stations, good speech is now possible
between New York and San Francisco, a distance of
about 3 000 miles. The introduction of repeaters
brings into possibility conversation between England
and remoter parts of Europe, but the limits of distortion
and cross-talk on a long submarine cable still remain.

Consequently, speech across the Atlantic is not yet
possible, even with amplifiers at the sending and
receiving ends.

The author desires to acknowledge the kindness of
Messrs. Siemens Brothers and Co. in permitting him to
make use of the particulars of their coil-loaded and
continuously loaded cables, also his indebtedness to
" The Theory of the Submarine Telegraph and Tele-
phone Cable," by H. W. Malcolm, for some of the infor-
mation in Table 2.
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SUMMARY.

This paper deals only with the generation of high-frequency
currents and the means of controlling them. A few par-
ticular features of interest are described rather than general
descriptions. The paper is divided into five sections :—

(1) Spark transmitters.—The Timed Spark system as
employed at Carnarvon and Stavanger is described.

(2) The Poulsen arc.—A short description of the under-
lying theory is given. The practical construction of an arc
set is described, together with the means of controlling it.

(3) The high-frequency alternator.—The lay-out of the
Lyons station is described and the precautions taken to
obtain constant speed are indicated.

(4) Valve transmitters.—The valve is still in the first
stages of development as a means of generating high-
frequency currents for large powers, but the circuits employed
are almost fully developed. Circuits are described and
figures given for the larger types of valve and for transmitting
circuits.

(5) Conclusion and future developments.

(1) SPARK TRANSMITTERS.

A wide field still remains to the spark set in ship
working, but, in this, only small power sets are used
and for point-to-point working very few high-power
spark sets are now employed. Perhaps the most impor-
tant of these are the timed spark sets at Carnarvon and
Stavanger.

The timed spark system.—In the ordinary spark
system the wave-train due to each spark lasts about
the 1Q O0Qth part of a second and the time between sparks
is about g-jyTjth of a second. Thus a considerable time
elapses between wave-trains. If, however, each train
•of oscillations were to be started before the previous
train had died out and in such a way that the two sets
•of oscillations were in phase, then a continuous but
fluctuating oscillation would be generated in the aerial.
This is the underlying principle of the system.

Fig. 1 gives a skeleton diagram of the arrangement.
Current is supplied from high-tension direct-current
machines to the condensers C^ C2, Ct> across each of
which is shunted a tuning inductance and spark-gap
in series. The spark-gaps in the form of discharger
discs are mounted on a separately-driven shaft, two
main discs and one triggering disc. The trigger disc
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FIG. 1.

has twice as many spokes as each of the main discs, and
a main disc comes into the spark position each time
the trigger disc sparks, the main discs thus coming into
the sparking position alternately.

The gaps are so adjusted that the trigger circuit will
spark with the busbar voltage; the main circuits,
however, require an excess of volts above this to cause
them to bridge their gaps. When a spark occurs at
the trigger disc oscillations are set up in the trigger
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primary and secondary, the latter being shunted across
one half of each main gap. The electromotive force
induced in the trigger secondary breaks down one
half of either No. 1 or No. 2 main gap, and the busbar
voltage is sufficient to break the other half, thus setting
up oscillations in the main circuits which are coupled
to the aerial.

The following figures apply to the installation at
Carnarvon :—

Generators. 500 kW at 10 000 volts (2 generators
each giving 5 000 volts).

Discs. 50 inches diameter, trigger disc 48 spokes,
main discs 24 spokes each. The discs are run at
1 950 r.p.m. and require 60 kW to drive them.

Spark-gaps. Main gaps £ in., trigger gap 1/100 in.,
air blast 20 lb. per sq. in. requiring 15-20 kW.

Wave-length. 14 000 metres ; a spark consequently
occurs about every 14 oscillations.

Aerial current up to 300 amperes is obtained and
an overall efficiency of 40 per cent.

This system has given good results ; the phasing
arrangements, however, are difficult to adjust correctly
in practice, and the advent of the generator of pure
continuous waves has rendered the manufacture of
further sets unlikely.

(2) ARC GENERATORS.

The generation of audio-frequency currents by means
•of the arc was discovered by Duddell, but the improve-

FIG. 2.

ments necessary before oscillations of radio-telegraphic
frequency could be generated were due to Poulsen. These
improvements were :

(a) Burning the arc in a hydrogenous atmosphere,
thus giving a steeper arc characteristic and
iapid de-ionization.

(b) The introduction of a magnetic field for blowing
out the arc.

(c) The use of a copper water-cooled anode and
carbon, cathode, the latter capable of being
rotated slowly in order to .keep the arc
burning evenly.

Fig. 2 indicates the diagram of connections of an
arc generator, and in Fig. 3 the curve shows the arc
voltage and current cycle. Lc> Lc l , are high-frequency
chokes tending to keep the main feeding current
constant.

I t is assumed that the main feeding current I is
constant and that the condenser C is fully charged in
a negative direction at the commencement of the cycle,
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its Voltage following a sine-wave variation throughout
the cycle. At this instant the condenser current ic
is zero, and thus the arc current ia is equal to the
constant feeding current I.

As the condenser discharges it receives a positive
current ie and the arc will be extinguished when
ic = I. Meanwhile the arc voltage va has been in-
creasing, due to the decrease of ia until the arc is extin-
guished, when it drops to the value va = vc + RI.
If vc is negative and greater than RI, va becomes
negative. From this point the voltage on the con-
denser continues to rise, va following parallel with this
until it is sufficient to strike the arc again. The con-
denser current then decreases from this point, following
a sine-wave variation and leading 90° on the condenser
voltage throughout the remainder of the cycle.

The effective power delivered into the oscillatory
circuit is the integrated product of va and ic. Between
the points D and E this is negative and thus, for a big
oscillatory power, the feeding current, the extinction
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and ignition voltages, and the oscillatory circuit resist-
ance should be large, whilst the arc potential difference
(va) between D and E should be small.

For large extinction and ignition voltages a long
well-deionized arc is necessary, whilst for a small
" heavy current " arc potential difference a short arc
length is required. The latter is the more important
factor in the case and therefore takes precedence.

Practical details.—Arcs are constructed in sizes
varying from 1 to 1 000 kW, a 350-kW set being capable
of delivering 300 to 350 amperes into the aerial. The
arc is supplied from d.c. mains at 220 volts for sizes
up to 5 kW, and at 800 to 1 200 volts for 250-350 kW
sets. Current is supplied to the arc through the high-
frequency chokes Lc (Fig. 2), the starting resistance
Rs (cut out when the arc has been struck and the
length roughly adjusted) and the field-magnet coils F .
The aerial circuit indicated by RLC is shunted across
the arc.

Arc chamber.—This is of gunmetal with a water-
cooling jacket and a removable lid giving easy access
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to the interior for cleaning purposes. A safety valve
is fitted to the lid and is adjusted to lift at about 5 lb.
per sq. in. (If the chamber is leaky an explosion may
occur on striking the arc, due to the presence of an
air-hydrogen mixture.)

The pole-tips pass through holes in the sides and the
anode and cathode through the back and front respec-
tively. The whole is rendered air-tight by suitable
asbestos packing.

Electrodes.—The copper anode is tubular with a
narrow, solid replaceable tip. It is water-cooled and
is rigidly fixed to an ebonite face-plate supported by
four steel studs screwed into the arc chamber. A
porcelain or silica collar acts as insulation and distance-
pfece between the chamber and face-plate and the
joints between the chamber and face-plate, and those
between face-plate anode collar and chamber are rendered
air-tight by asbestos washers.

The anode and cathode vary from \\ in. to 1\ in.
diameter according to the size of the arc. The carbon
cathode is held in a brass holder which is a working
fit in the cathode sheath, the latter being bolted to the
front face-plate and supported in the same way as the
anode. The cathode sheath is slowly rotated by means
of a small motor connected to it by a worm-driven
reducing gear. The carbon holder may be slowly fed
forward against the pressure of a spring by means of
a screw-handle adjustment. In the head of the handle
is a striking button by which the carbon may be momen-
tarily pressed forward into contact with the anode.

The life of anode tips is roughly one month and the
life of the cathodes one or two days' continuous
working.

Magnetic circuit.—The yoke is of malleable cast-iron,
to which the pole-pieces are fitted. In medium- and
large-power sets the field coils are wound with bare
copper strips, up to 2-i in. X $ in., interleaved with
insulating material. The coils are wound spirally,
tappings being brought out from each layer.

Hydrogen or alcohol feed.—Coal gas is used if a supply
is available ; otherwise alcohol is employed. A drip
feed is employed and, in small sizes, vaporization is
obtained by feeding the alcohol on to the hot electrodes.
In large sizes an electric vaporizer is fitted ; this facili-
tates rapid starting up and steady working of the arc.

Arc control.—In small and medium powers the control
is by drum controller. This is in two portions—the
first for auxiliaries, the second for the starting resistance.
The auxiliary notches are : Alcohol feed-water circula-
tion, Carbon drive motor, and Aerial send-receive
switch. The supply is then switched on through the
full starting resistance, the arc struck and adjusted,
and the remaining resistance is then cut out. In
large-power sets the arc is operated by remote control,
the auxiliaries being operated by separate switches.

Keying arrangements.—The arc suffers from the dis-
advantages that it cannot be extinguished during
signalling and that the oscillatory circuit must not be
broken; oscillations must, therefore, be generated
continuously during the whole period of transmission.
Two methods of keying which comply with these condi-
tions have been developed, namely, the " spacing and
marking wave " and back shunt methods. The former

consists in feeding the aerial all the time and varying
the wave-length a few per cent for marking by short-
circuiting one or two turns of the aerial inductance.
In the latter method an auxiliary tuned circuit, tuned
to roughly the same wave-length as, and with a resist-
ance equal to, that of the aerial circuit, is substituted
for the aerial circuit during spacing. Thus from
marking to spacing the aerial circuit is cut off and the
back shunt circuit is made. In order to ensure that
one circuit is always across the arc, the circuit to be
made is actually closed before the other circuit is
broken.

Only the " spacing and marking wave " method is
used for large-power sets, and then the change in wave-
length is effected by short-circuiting a coil coupled to
a portion of the aerial inductance. The inductance
to be short-circuited is divided into sections, thus
reducing the current broken at any section. Electro-
magnetic keys with air blasts are used, and for high-speed
working Creed engines are employed. An efficiency
of 30 to 40 per cent is claimed, but it is believed that
in many cases it is considerably lower.

(3) THE HIGH-FREQUENCY ALTERNATOR.

In 1890 Tesla produced an alternator capable of
developing 1 kW at 10 000-12 000 periods per sec,
but it was not until 20 years later that a practical high-
frequency alternator was constructed. Alexanderson,
Goldschmidt, Latour, Bethenod and others have now
produced efficient high-power machines up to 100 000
periods per second.

In this case the transmitting wave-length is dependent,
not on the constants of the circuits but upon the speed
of rotation of the alternator and its construction. The
maintenance of constant and high speed entails the
use of much auxiliary apparatus, but even with this
complication overall efficiencies of 40 to 50 per cent
are obtainable.

Lay-out of the Lyons alternator set.—The high-fre-
quency alternator set at Lyons is of the Bethenod-
Latour type running at 3 000 r.p.m. and developing
from 150 to 200 kW.

To ensure constant speed a special generating unit
is installed to supply the driving motor of the alternator
unit. Current is supplied to a three-phase induction
motor, working on 3 000 volts, 50 periods per sec,
which drives a d.c. generator giving 500 volts kept
constant by means of a Thury field regulator. This
generator supplies the motor which drives the high-
frequency alternator unit, the speed of the latter being
kept constant by a second field regulator.

The alternator has four windings, each giving 500 volts
at 20 000 periods per sec. which are connected across
the primaries • of four air-cored transformers ; the
secondaries of these transformers are connected series-
parallel to the aerial and earth. The gap between
stator and rotor is only 0-7 mm, and in order to reduce
windage losses the machine is run in a vacuum at a
pressure of 5-10 cm of mercury. The rotor and stator
are both oil-cooled, and all air is removed from this
oil since air bubbles provoke vibration of the rotor.
The oil is pumped through the stator, rotor and shaft
back to the containers where the air is extracted and
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the oil cooled. About 5-10 kW is absorbed in the oil
pump. A small pump is geared to the alternator
shaft for lubricating the bearings, and a hand pump is
provided for lubrication during the starting period.

Owing to the very small gap between stator and rotor
any vibration may become very dangerous. Vibration
is affected by : (1) running in vacuo during starting ;
(2) the temperature of the cooling oil. It is found more
difficult to start up if the oil is cold, and so the oil
cooling is not brought into play until the machine has
run up to speed.

The overall efficiency, including auxiliaries, is about
40 per cent and the installation is capable of putting
300 amperes into an aerial of 2 ohms' resistance. Keying
is effected by magnetic keys across each generator
winding ; these short-circuit the winding during spacing
and put the transformer primaries across the windings
on marking. The internal impedance of the windings
is great and so the spacing current is considerably less
than the marking current; hence the power consumed
during spacing is small (about J full load).

(4) VALVE TRANSMITTERS.

Valves of the two- and three-electrode types are
now well established as current rectifier and generator
of oscillations respectively. Their development for
high-power transmission is still in an early stage, but
their utility for low- and medium-power sets is great.
A schedule is given below of some of the large types
of glass valve in use.

Rectifying.
U.2. 500 watts, 0-55 am-

pere saturation current.
Filament: 18 volts, 5-4

amperes.
Anode: cylindrical Z\

in. x lh in. diameter.
Bulb: 12 in. x 6 in.

diameter.
M.R.2. 1 kW.
Filament: 20 volts, 6

amperes.
Anode : cylindrical 3£ in.

X 2£ in. diameter.
Bulb : 14 in. x 7 in.

diameter.

Transmitting.
TA.A. 500 watts, 0-34

ampere saturation cur-
rent.

Filament: 18 volts, 5-4
amperes.

Anode voltage : 3 000-
7 000 volts.

Of the same general con-
struction as U.2.

M.TA. 400 watts.
Filament: 18-19 volts, 6

amperes.
Anode : 2 500-6 000 volts.

The above valves are manufactured by the Marconi-
Osram ValVe Co. Valves of similar sizes are manufac-
tured by the Mullard Radio Valve Co. and the Edison
Swan Electric Co.

The rating of a valve is based upon the heat which
the anode is capable of dissipating without becoming
•dangerously heated. By suitably designing the trans-
mitting circuits a valve efficiency of 70-75 per cent is
obtainable and thus a 500-watt valve can give an output
of 1 to 1\ kW into the aerial.

A silica valve capable of dissipating 2\ kW and of
delivering 35-40 amperes to a 3-ohm aerial has been
designed and is in regular working. The future may
see a 100-kW valVe with metal container in use involving

a water-cooled anode and continuous exhaustion of
the Valve during working.

Transmitting circuits.—A diagram is given in Fig. 4
of one of the transmitting circuits in general use. Power
is supplied from the alternator A to the transformers
Tx and T2. Tx supplies the high-tension feeding
current to the rectifier anodes, and T2 the low-tension
feeding current for the filaments. The transformer T2
is of special construction in having two secondaries,
one of these being highly insulated from the remainder
of the transformer. This latter secondary supplies
the rectifying valve filaments which are at a high
potential above earth ; the other secondary supplies
the oscillating valve filaments. The iron-cored choke
coils Lx, L2, L3, L4, serve to regulate the voltage across
the main transformer and the filament voltages.

The smoothing condenser C is inserted across the
rectified supply which is taken through the high-
frequency choke coil L5 to the anode of the oscillating
Valve. From the anode connection is made through a
blocking condenser C2 to a tapping on the aerial in-
ductance coil. The aerial is also tapped on to this
coil, the tapping depending upon the wave-length

Key

FIG. 4.

required. The earth is connected through an aerial
ammeter to the other end of the aerial inductance,
to the negative of the oscillating valve filament and
to the negative supply lead.

Coupling is made to the grid through the anode
and grid coupling coils L6 and L7, one end of L7 being
connected to the grid of the oscillating Valve and the
other through a condenser C4 and leak resistance Rlt
in parallel, to the negative of the filament. The con-
denser and leak ensure the steady negative potential
on the grid of the valve and, since this will be dependent
on the grid current flowing, the value of this potential
will automatically adjust itself to the working conditions.

A variable condenser C3 may be shunted across the
grid coupling coil L7, its function being to bring the
oscillations on the grid exactly 180 degrees out of
phase with those on the anode, thereby improving the
efficiency.

The adjustment of valve sets for maximum efficiency
is very critical. For efficient work the best value of
anode tap and grid to anode coupling and also the
correct phase compensation must be determined. The
size of each piece of apparatus in the circuit varies
according to the power, wave-length, aerial and type
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of valve used. Below are given figures for a l j kW
set:—

Ti 350-10 000 V.
T2 350-20 V.
Cj 0-5 /xF, 10 000 V.
C2 0-005 /xF, 10 000 V.
C3 2 000 /x/xF (max.).
C4 0-005 jitF.

A 600-3 000 metres.
L5 50-80 millihenrys.
Lg 20 microhenrys.
L7 500-3 000 microhenrys.
R 20 000-60 000 ohms.

Aerial current: 10-15 amperes.
Valves: Rectifying, two U.I ; Transmitting, one

T.4.A.
For small- and medium-power sets the key is usually

inserted in the grid leak circuit. The action of keying
in the grid leak circuit is novel: If the grid leak is
suddenly broken each pulse of grid current will charge
the condenser C4, making the grid further negative
with regard to the filament and causing oscillations to
cease. Keying in this circuit permits the key to be
inserted direct and the current broken is only 10-20
milliamperes. For medium- and large-power sets key-
ing is done by the simultaneous operation of keys
in the main transformer circuit, high-tension feeding
circuit and, sometimes, in the grid leak circuit also.

At present for sets delivering more than 1 kW to
the aerial several valves are used in parallel. Two-,
three-, and six-phase arrangements are also being
investigated.

The use of a number of valves in parallel is naturally
undesirable, and a great deal of research is being carried
out in developing a high-power valve.

The overall efficiency of valve sets can be as high
as 50 per cent, and this, combined with the fact that
no spacing wave is necessary, is likely to bring the
valve into high favour.

For powers up to 3 kW no power except filament
watts is consumed during spacing, but above this it
is found desirable to keep the set oscillating feebly
during spacing. This gives signals a good clear note
and prevents their becoming "clicky."

CONCLUSION.

The efficiencies of the various types of transmitter
arc given below :

Arc. 30-40 per cent (not including power plant but
including auxiliaries).

Alternator. 35-50 per cent (overall).
Valve. 40-50 per cent (overall).

The actual figures vary according to the size, the
efficiency increasing with the power.

For small-power work (up to 15 kW) the valve takes

first place, owing to ease of manipulation, higher efficiency,,
and the fact that practically no load is taken during
spacing. The capital cost for arc or valve sets is about
the same and maintenance is of the same order. From
the reception point of view the valve gives a good,,
clear note and has relatively few strong harmonics ;
the arc, on the other hand, has a bubbly note and strong
harmonics.

For high-power work the only two serious competitors-
at present are the arc and the alternator. The alternator
has the higher efficiency, but to balance this its capital
cost and maintenance are higher than those of the arc.
The arc has to carry full load in the aerial during spacing,,
and until this is remedied it will be a strong point against
it. The deciding factor in the case, however, will be :
Which causes the least interference ? The alternator
gives a pure note with very few harmonics, while the
arc as mentioned above is liable to have a variable
bubbly note and many harmonics, causing a great
amount of interference.

The French in their plans for the Paris Radio-electric
Centre have decided upon the installation of alternators,
whereas at Bordeaux, Leafield, and Cairo arcs have
been installed.

The Imperial Wireless Telegraphy Commission has,
however, advanced further and has decided in favour
of the high-power valve set.

Future developments.—The efficiency of the transmitter
does not end at the generator. The aerial is the unit
to which least attention has been devoted in the past.
A common efficiency is 5-10 per cent, which leaves
very much room for improvement. Multiple, tuned
aerials have now been developed in America with a
total resistance of 0-5 ohm and a radiation resistance
of 0-2 ohm. In this country, counterpoise earths are'
in use having a resistance of 0 • 7 ohm and a radiation
resistance of 0-25 ohm. This increase in efficiency is
reflected on to the size of generator necessary, decreasing
the power necessary and thus improving the position
of the valve as a high-power generator.

Much improvement is necessary to make wireless
telegraphy thoroughly commercial and capable of
competing seriously with wire telegraphy for short as
well as for long ranges. It is essential that duplex
working at high speeds should be attained. Remote
centralized control at speeds up to 100 words per minute
duplex is being employed by the British Post Office
and the same system is proposed for the Paris Radio-
electric Centre.

Perhaps the biggest difficulty ahead is the cutting
out of interference, atmospherics and other disturbances.
Unless this can be solved at the receiving end, the range
for a given power, and the utility of wireless telegraphy,
will be seriously reduced.


